Abstract-This paper presents an analysis of the performance of the Multiband Orthogonal Frequency Division Multiplexing (MB-OFDM) system for Ultra Wideband (UWB) communication in the presence of interference from IEEE 802.16 WiMAX systems operating in the 3.5 GHz band. We present an exact analysis of the uncoded bit error rate (BER) of the MB-OFDM system, based on Laplace transform techniques. We also present a simple Gaussian approximation for the WiMAX interference, and establish its relative accuracy and usefulness by means of comparison with the exact analysis and simulations. Such a Gaussian approximation is especially useful for simplified performance analysis, as well as for the design of interference mitigation techniques. Motivated by the Gaussian approximation, we propose a simple two-stage interference mitigation technique for coded MB-OFDM transmissions, consisting of interference spectrum estimation during silent periods followed by appropriate bit metric weighting during Viterbi decoding. We compare parametric and non-parametric spectrum estimation techniques for various scenarios of interest. In the presence of WiMAX interference, the two-stage interference mitigation provides substantial gains in performance in return for modest increases in complexity and without requiring any modifications to the MB-OFDM transmitter or signal structure.
I. INTRODUCTION

I
N this paper, we consider the ECMA-368 Multiband Orthogonal Frequency Division Multiplexing (MB-OFDM) standard for high rate Ultra Wideband (UWB) wireless communication in the 3.1-10.6 GHz band [1] , [2] . Because UWB systems in this band are operating as spectral underlay systems [3] , [4] , they will unavoidably be impacted by the transmissions of incumbent systems. We consider as interferer the WiMAX IEEE 802.16 system for wireless metropolitan area networks, operating in the licensed 3.5 GHz band [5] . The WiMAX standard consists of both single-carrier (SC) and OFDM-based modulation schemes for use below 11 GHz. We address both modulation techniques herein.
When WiMAX is deployed in the 3.5 GHz band, it will be a source of interference for MB-OFDM systems also using this band. For this reason, there has recently been great interest in coexistence techniques between WiMAX and UWB systems [6] , [7] . Recent work also examines the effects of single-carrier linearly-modulated narrowband interference signals on system design in MB-OFDM [8] . The authors of [9] consider the effect of narrowband OFDM interference on timehopping (TH) and direct-sequence (DS) UWB systems. They have shown that some narrowband OFDM signals can be modeled as Gaussian interference upon the considered UWB systems. However, they do not consider OFDM-based UWB systems (such as MB-OFDM) as victim receivers. It is not immediately clear that such a Gaussian assumption holds for all forms of WiMAX interference to MB-OFDM systems, especially due to the wide range of allowable WiMAX operating bandwidths and the various modulation types. An accurate Gaussian approximation would be beneficial for both simple performance evaluation techniques and the design of interference mitigation strategies, and thus the question of the validity of this approximation motivates our work herein.
We first investigate the effect of a WiMAX system operating in the 3.5 GHz band and causing interference to an MB-OFDM system. In particular, we provide an exact analysis of the effect of the WiMAX system on the uncoded bit error rate (BER) of the MB-OFDM system, based on Laplace transform techniques (Section III). We then compare the exact analysis with a Gaussian approximation for the WiMAX interference signal (Section IV).
Motivated by the approximately Gaussian nature of the WiMAX interference, we propose a simple two-stage interference mitigation technique for coded MB-OFDM transmissions according to the ECMA-368 standard, consisting of interference spectrum estimation during silent periods followed by appropriate bit metric weighting during Viterbi decoding (Section V). We compare parametric and non-parametric spectrum estimation techniques for coded MB-OFDM transmissions and WiMAX interference for various scenarios of interest (Section VI). The proposed two-stage interference mitigation technique is shown to be highly effective at mitigating the impact of WiMAX interference.
Notation: In this paper, ℜ{⋅} and ℑ{⋅} denote the real and imaginary parts of a complex number, respectively, ⊗ denotes the convolution operator, {⋅} denotes expectation, (⋅) * denotes the complex conjugate, and (⋅) is the Gaussian-Q function [10] . 
II. SYSTEM MODEL
In this section, we describe the signal models for the MB-OFDM transmitter and receiver, and for the WiMAX interferer. For both MB-OFDM and WiMAX-OFDM, we adopt the OFDM filterbank model [11] . A block diagram of the system under consideration is given in Figure 1 .
A. MB-OFDM Signal Model
The MB-OFDM transmitted signal is given by
where m , m , and m are the number of subcarriers, the OFDM symbol duration, and the carrier frequency 1 , respectively, cf. [1] . The transmitted Quaternary Phase Shift Keying (QPSK) symbols are denoted by , , where and represent the subcarrier index and the MB-OFDM symbol index, respectively. 2 The basis function for subcarrier is given by
where m , m = m − m , m , and m = m / m are the durations of the guard interval and the data-carrying part of the OFDM symbol, the bandwidth of transmission, and the bandwidth per subcarrier, respectively, cf. Table I . While the MB-OFDM standard incorporates convolutional coding for error correction [1] , [2] , we first focus on uncoded modulation in order to simplify the analysis. Ignoring the coding also allows us to focus on the contribution of the interference to the BER degradation, and to more clearly study possible approximations for the interference signal. We will consider interference mitigation schemes for MB-OFDM with coding according to the ECMA-368 standard in Section V.
Next, we introduce the WiMAX OFDM and SC signal models.
B. WiMAX-OFDM Signal Model
The WiMAX-OFDM transmitted signal is given by [5] . We consider only BPSK and QPSK in this work because of space limitations, but note that similar analyses can be performed for the QAM schemes and similar results will be observed. All parameters with subscript n are defined similarly as the equivalent MB-OFDM parameters with subscript m, and are given in Table I . The basis function for subcarrier is given by
C. WiMAX-SC Signal Model
The WiMAX-SC transmitted signal is given by
where the modulated symbols are denoted by ℓ , s and s are the WiMAX-SC carrier frequency and symbol period, respectively, and ( ) denotes the square-root raised cosine pulse shaping filter with roll-off factor 0.25 (cf. [5] ). The WiMAX-SC standard specifies BPSK, QPSK, 16-QAM, 64-QAM, and 256-QAM modulation schemes [5] . Again, for sake of space, we consider only BPSK and QPSK in this work, but note that similar analysis can be performed for the QAM schemes and similar results will be observed.
D. Channel Models and Receiver Processing
The MB-OFDM signal passes through a channel with impulse response ℎ( ). Due to the relatively small WiMAX bandwidth, and for simplicity, we consider a single-tap WiMAX channel with amplitude and phase offset uniformly distributed on [0, 2 ). 3 The received signal, after downconversion to baseband and assuming that the interference signal lies in the band of interest, is given by
where ( ) is the complex additive white Gaussian noise (AWGN), and
where ∈ {n, s} depending on whether OFDM or SC WiMAX interference is considered, denotes the timing offset of the WiMAX signal, which is uniformly distributed on
]. For future reference, we define Δ = − m as the separation between the carrier frequencies of the two systems.
The baseband processing consists of a filterbank matched to ( ) over [ m , m ], which, for subcarrier , is given by
Without loss of generality, we consider the MB-OFDM symbol index = 0, and the statistic for subcarrier is given by
where˜,˜, and˜denote the received signal, interference, and noise terms, respectively. We note that, since the basis functions ( ) are orthogonal,
denotes the frequency-domain channel gain of subcarrier (with magnitude and phase ). We now turn to consider the interference term, which, from (8) and (9), is given bỹ
1) WiMAX-OFDM:
The interference term can be expressed as
where
By noting that ( − ℓ n − ) is a complex exponential on [ℓ n + , n + ℓ n + ] and zero otherwise, ,ℓ, can be expressed in closed form as
where = max( m , ℓ n + ), and = min( m , n + ℓ n + ).
2) WiMAX-SC:
In this case, the interference term can be expressed as˜=
We note that (17) can be solved by numerical integration, or can be written in terms of the exponential integral. We omit the latter form due to its notational complexity, but note that it can easily be obtained with a symbolic math package such as Mathematica.
III. PERFORMANCE ANALYSIS
In this section, we provide an analysis of the BER for MB-OFDM in the presence of WiMAX interference. We begin by considering the exact analysis (Section III-A), followed by a Gaussian approximation (Section III-B). In Sections III-C and III-D, we present the overall BER expressions including the effects of frequency hopping for the cases of non-fading and fading channels, respectively.
A. Exact BER Analysis with In-Band Interferer
We start by noting that MB-OFDM employs QPSK modulation, which can also be considered equivalently as two independent BPSK modulations. As such, and noting that both and˜are rotationally symmetric, we can simplify our analysis by considering ,ℓ as BPSK symbols in the real plane and noting that the QPSK BER performance will be identical.
We can form the decision variable for subcarrier as
Since we have assumed BPSK transmission,
for WiMAX-OFDM, or
for WiMAX-SC. For future reference, we define the signal-to-noise ratio (SNR) as
where 2 = { 2 } is the variance of (which is independent of ).
For subcarrier , the signal-to-interference ratio (SIR ) is given by
where we have separated
, in order to account for possible random , cf. Section III-D. We note that the factor of 2 in the denominators of (21) and (22) is due to the fact that and contain only the real part of the noise and interference, respectively. The value of 2 , is given by
for WiMAX-SC, where
since the transmitted symbols have unit energy. 4 Given that the MB-OFDM system hops over three bands, but that the interference power in two of these bands is zero, the overall average SIR is given by
) .
The symbols are equiprobable ±1 and and are zero mean and symmetric. Using properties of the Laplace transform [12] , the probability of error for subcarrier is given by
} denote the probability density function (pdf) of ( + ) and its Laplace transform, respectively, and is in the convergence region of
Due to the independence of and ,
and since is Gaussian, its Laplace transform is [13] Φ ( ) = exp
We are left with the determination of Φ ( ). We begin by considering the conditional Laplace transform Φ | , ( ) = { − | , } , and treat the SC and OFDM cases separately.
Depending on whether the WiMAX-OFDM symbols ,ℓ are chosen from the BPSK or the QPSK constellation, we arrive at
for BPSK, or
for QPSK.
2) WiMAX-SC:
Since the ℓ are independent, Φ | , ( ) is given by
Considering again the two choices of BPSK and QPSK for the symbols ℓ of the WiMAX-SC system, we arrive at
for QPSK. With the conditional Laplace transforms Φ | , ( ) given by (29)-(32), we can obtain the overall Laplace transform Φ ( ). We let ′ = − , and note that it is uniformly distributed on [0, 2 ), so that Φ | , ′ ( ) = Φ | , ( ). By integrating over the distributions of ′ and , we obtain Φ ( ) as
Given (27) -(33), we can now determine the probability of error for subcarrier , given by (26). Unfortunately, (26) does not have a closed-form solution and we must resort to numerical evaluation. This can be done efficiently via the Gauss-Chebyshev quadrature rule [12] , ≈
, and is a sufficiently large integer. We have found a good choice is = 200 for the computations in Section IV. In general, the real-valued parameter should be chosen to minimize Φ + ( ) − / . We have found that a simpler yet suitable choice of is the value which minimizes
, which can very quickly be determined using standard numerical techniques [14] . We refer interested readers to [12] for further information on the use of the Gauss-Chebyshev quadrature rule for solving equations such as (26).
B. Approximate BER with In-Band Interferer
In this section we present an approximation of the BER calculated in Section III-A. We make the assumption that the interference signal at subcarrier with power (23) or (24). In this case, the effective noise power is given by
and the BER for subcarrier is given by
C. Overall BER Analysis for Non-Faded Channels
In this section we consider the overall BER when = 1 and = 1 ∀ , i.e., we consider the case of non-faded channels for both the WiMAX and MB-OFDM signals. This case is of interest because it allows us to focus attention on the effect of the interference signal on the BER, while ignoring the contribution of fading.
When the WiMAX interferer is in the band of interest to the MB-OFDM system, the BER is given by (34) (exact) or (36) (approximate). On the other hand, when the MB-OFDM system hops to a different band, the interferer is not present and the BER is given by
For first generation devices, the MB-OFDM hops over three bands with equal average usage, and the WiMAX system of interest is found in the first band. Noting that = , is independent of since = 1 ∀ , the overall BER is given by
where ∈ { , } depending on whether the exact or approximate BER expression is used for the band containing interference.
D. Overall BER Analysis for Faded Channels
In the general case, and are distributed according to probability density functions given by ( ) and ( ), respectively. We refer the interested reader to a tabulation of probability density functions and the corresponding characteristic functions for a variety of common fading models [15] . In order to obtain the overall average BER in the presence of fading, we average (26), (36), and (37) over these densities. We first consider (26), and take first the expectation over
where Φ ( ) is the Laplace transform of the pdf of . We note that (39) can again be evaluated using the GaussChebyshev quadrature rule [12] , cf. (34). The average exact BER in the presence of in-band interference is then given bȳ
We turn to the consideration of (36). We first take { , }, which, by using an alternative form of the Qfunction [16] , can be written as
( ) is the pdf of , and ( ) = { } is the moment generating function of [16] . We can then express the average approximate BER in the presence of in-band interference as
(42) Using similar techniques as with (41), we can express the average BER without interference as [16] 
Finally, the overall average BER is given bȳ
( 1
with ∈ { , } depending on whether (40) or (42) is used. Note that if ( ) is independent of , then the second term in (44) can be simplified as was done in (38). We note that the integrals with semi-infinite limits in (40) and (42) converge quite rapidly and can be truncated by using a finite upper limit without loss of accuracy.
IV. RESULTS FOR UNCODED MB-OFDM
In this section, we (a) investigate the effect of WiMAX interference on MB-OFDM systems, and (b) study the applicability of the Gaussian approximation for WiMAX interference. The latter is especially important for the design of interference mitigation schemes, and for simplified performance analysis. Figure 2 shows the BER versus 10 log 10 (SIR) from exact analysis (lines) and the Gaussian approximation (markers) for BPSK/QPSK WiMAX-OFDM interference of varying bandwidth and for different SNR. The results for BPSK and QPSK are virtually identical, so we have only included the BPSK results in this figure. In order to isolate the effects of the interference signal, we have chosen to fix = 1 and = 1 ∀ , i.e., we consider the case of non-faded channels for both the WiMAX and MB-OFDM signals.
A. WiMAX-OFDM Interference
We can see that the Gaussian approximation is an excellent match with the exact analysis for WiMAX-OFDM interference, for all considered values of SNR, SIR, and WiMAX bandwidths. This can be justified intuitively, since all subcarriers of the WiMAX-OFDM signal contribute to each time-domain sample of the interference signal, and thus there is a natural averaging / Central Limit Theorem effect. We note that in [9] , the authors found that a Gaussian approximation was not appropriate for BPSK-modulated narrowband OFDM in some ranges of interest. However, this trend is not evidenced here, likely because WiMAX-OFDM employs n = 256 subcarriers versus the relatively smaller n = 64 of [9] , which increases the averaging effect and hence the Gaussianity of the interference. We also note that, for most values of 10 log 10 (SIR), the BER tends to decrease as the interferer bandwidth increases. This is because the per-subcarrier interference power decreases as the bandwidth increases (since the average interference power is constant), and thus (since the BER decays exponentially with increasing SIR ) the values of , also decrease with increasing interference bandwidth. However, at very low SIR, the opposite trend can be seen. This is because at low SIR it is better to concentrate all the interference in a small number of subcarriers, since the BER of a subcarrier cannot exceed 0.5 and we average the BER over all subcarriers.
To confirm the results of the analysis, Figure 3 shows the BER versus 10 log 10 (SIR) for both the exact analysis (lines) and simulation results (markers), with non-faded channels for both the QPSK WiMAX and MB-OFDM signals. We note an excellent agreement between analysis and simulation for all considered parameters. Finally, we consider Rayleigh distributed amplitudes (a good approximation for UWB channels [17] , [18] ), with = 1 (corresponding to a WiMAX transmitter in close proximity to the MB-OFDM receiver). Figure 4 shows the BER versus 10 log 10 (SIR) from both the exact analysis (lines) and the Gaussian approximation (markers). The Gaussian approximation is still an excellent match with the exact analysis. Fading in the MB-OFDM channel causes fluctuations in the instantaneous signal-to-interference ratio, which in turn decreases the distinction between different WiMAX-OFDM bandwidths at moderate to high SIR. The same fluctuations also increase the average SIR required in order to approach the interference-free error rate.
B. WiMAX-SC Interference
In this section, we present numerical results illustrating the performance analysis methods applied to WiMAX-SC interference. We concentrate on the case of = 1 and = 1 ∀ , i.e., the case of non-fading channels for both the MB-OFDM and WiMAX-SC transmissions. The results below have also been confirmed via simulations, which we have omitted for clarity.
We first consider WiMAX-SC with BPSK modulation. In Figure 5 we plot the BER versus 10 log 10 (SIR) for different WiMAX-SC bandwidths, for 10 log 10 (SNR) = 10. We show both the exact analysis (lines) and the Gaussian approximation (markers). The Gaussian approximation is very accurate for small and large SIR, with some deviation at intermediate values of SIR. We can also see that the Gaussian approximation is worst for small WiMAX-SC bandwidths, and improves as the bandwidth increases. This is due to the shorter symbol time of the wide bandwidth WiMAX-SC signal, leading to a more pronounced averaging effect of the interference during one MB-OFDM symbol duration.
In Figure 6 we consider QPSK WiMAX modulation, and plot the BER versus 10 log 10 (SIR) for different WiMAX bandwidths. We can see the Gaussian approximation is improved in comparison with Figure 5 , due to the increased randomness of the four-phase QPSK signal. We expect the accuracy of the Gaussian approximation to continue to improve for higher-order QAM modulations. 
V. INTERFERENCE MITIGATION FOR CODED MB-OFDM
It is natural to seek means to mitigate the impact of WiMAX interference on MB-OFDM systems. The results of the previous section have shown that the MB-OFDM persubcarrier interference-plus-noise distribution in the presence of WiMAX interference behaves in an approximately Gaussian manner. Given the near-Gaussian nature of these per-subcarrier interference statistics, one natural and near-optimum technique for interference mitigation is to (1) estimate the per-subcarrier interference-plus-noise power, and (2) use this information to weigh the branch metrics fed to the Viterbi decoder, in order to suppress the interference effects. This particular technique requires only modest increases in receiver complexity, and does not require any modifications to the MB-OFDM transmitter or signal structure. We note also that this particular technique relies on the fact that the WiMAX OFDM symbol time is much longer than the MB-OFDM symbol time. We describe each stage of the process below.
A. Interference Estimation
The MB-OFDM system will listen to the channel for interference estimation purposes, either (a) during the silent period between packet transmissions, or by (b) listening to one subband while operating on another sub-band. Furthermore, we assume that no other UWB devices transmit in the considered sub-band during the silent time, so that the receiver will detect only the interference-plus-noise that exists in the channel. We let be the number of MB-OFDM symbol durations that are used to observe each sub-band.
We consider two methods for spectral estimation, described below. Both approaches adopt a time-domain estimation followed by a Fourier transform to obtain the final per-subcarrier noise variance estimates. Time-domain estimation allows us to exploit the limited degrees of freedom in the interference signal. We denote the resultant interference-plus-noise variance estimate for subcarrier byˆ( ), where = 2 / m .
1) Parametric Approach:
We first adopt a parametric approach by fitting the time-domain silent period observations to an autoregressive (AR) model. The fitting method is that of maximum entropy, also known as the Burg method [19] . For a given AR model order , the Burg spectral estimate is given byˆB
where and , are the parameters of the AR model, obtained with the Levinson-Durbin algorithm [19, Sec. 9.5, pp. 414-420]. The parametric approach is generally able to use small estimation periods . However, the performance of the method is dependent on a proper choice of model order -smaller model orders lead to faster estimation, but may not yield suitable estimates in the presence of multiple interferers or other complicated interference scenarios.
2) Non-parametric Approach: We also consider a nonparametric approach to spectral estimation. We adopt the multi-taper method (MTM) [19] , advocated for use in radioscene analysis for cognitive radio [20] . In the MTM, a set of orthogonal windows (or tapers) ( ) are applied to the observed data and the resultant estimates are averaged. In this work we adopt tapers based on the Slepian (or discrete prolate spheroidal) sequences [19, Chap. 8] , which have maximal energy concentration for finite bandwidth and sample size. We use tapers for a window of MB-OFDM observation symbols, for a total of = (128 + 37) samples taken at rate = 1/(528 × 10 6 ) s. The MTM spectral estimate of the discrete-time observed signal ( ) is given bŷ
(46)
B. Interference Mitigation
The estimators given above predict the interference seen at the input to the MB-OFDM receiver FFT. However, we will mitigate the interference during decoding, after the FFT, and thus must account for the effect of the rectangular timedomain window of length m . The spectrum after windowing
The MB-OFDM system employs bit-interleaved coded modulation (BICM) for error protection [21] . Decoding consists of soft de-mapping, followed by de-interleaving and Viterbi decoding. Given that the interference-plus-noise per subcarrier is approximately Gaussian, we maintain the standard Euclidean distance metric, and scale the branch metrics for all bits from subcarrier by 1/ˆ( ) [22] . The effect of the correlation between adjacent subcarriers is negligible due to the de-interleaving process, and can be neglected.
Note that, in the presence of purely Gaussian noise, the strategy described above is optimal. We do not simply discard information from subcarriers, but rather reduce the influence of bits which have been impacted by WiMAX interference. We note that erasure decoding (as proposed in e.g. [23] ) can be seen as a special case of this technique whenˆ( ) → ∞ for some . 
VI. RESULTS FOR CODED MB-OFDM
In this section we present results for coded MB-OFDM systems employing the interference estimation and mitigation technique discussed in Section V. We focus on the case of WiMAX-OFDM interference in order to illustrate the potential performance gains of this technique. Because we want to isolate the effects of the interference mitigation, we focus on non-fading WiMAX channels, and note that similar behaviors will be observed with fading channels. We also assume the WiMAX system is continually transmitting, i.e., we do not consider arrival/departure of WiMAX systems during the transmission interval. Interference estimation is performed anew before each MB-OFDM data packet transmission, and the estimates are then fixed for the duration of the MB-OFDM packet.
In Figure 7 , we plot the MB-OFDM BER versus 10 log 10 (SIR) for coded transmission with rate 1/2 and 10 log 10 (SNR) = 14.5. For the MB-OFDM system, we adopt the UWB channel model CM1 [17] , and average over 500 channel realizations. The interferer is a QPSK WiMAX-OFDM system with bandwidth 7 MHz and carrier frequency = 3500 MHz. We consider both the Burg with = 8 (solid lines) and MTM (dashed lines) spectral estimation techniques, for ∈ {2, 5, 50} symbols. For comparison we also include the MB-OFDM BER with no spectral estimation, perfect spectral estimation, and no interference (thick dashdotted lines). The perfect spectral estimation curves are obtained by assuming the receiver has perfect knowledge of the noise variance 2 and interference variances 2 , (given by (23)) when calculating the branch metric weights as described in Section V-B.
We make several observations about the results in Figure 7 . Firstly, for small numbers of estimation symbols ∈ {2, 5} the MTM estimation technique performs poorly, because such small observation lengths are not sufficient to provide reliable non-parametric estimation. On the other hand, for = 50 observation symbols the MTM method is comparable to the parametric approach. Secondly, we observe that for low values of SIR, the Burg estimator performance is relatively invariant to the choice of , while at higher SIR there are slight gains with increasing . Finally, we note that both the parametric (with = 50) and non-parametric approaches perform relatively close to the perfect estimation limit, and also provide substantial performance improvements in comparison with the case of no interference mitigation.
In Figure 8 , we examine the effect of varying the Burg AR model order . We adopt a non-fading MB-OFDM channel, code rate 1/2, 10 log 10 (SNR) = 4.1, one WiMAX-OFDM interferer with bandwidth 1.75 MHz, AR model orders ∈ {4, 8, 16, 32} and ∈ {2, 10, 50} estimation symbols. We can see that at low SIR all model orders have relatively similar performance, with = 4 providing slightly better performance than for larger . At higher SIR, increased model orders lead to better performance for = 50, but poor performance for the short estimation interval = 2. At intermediate values of SIR, model order = 4 is insufficient, with inaccurate modeling of the interference spectrum leading to degrading performance with increasing SIR. These results indicate the importance of choosing appropriate estimation parameters and in order to guarantee reasonable interference mitigation performance. We also note that, in general, the proposed scheme is not optimum for finite and , i.e., increasing SNR or SIR does not necessarily improve performance.
We consider a more complicated interference scenario in Figure 9 , with two WiMAX-OFDM systems operating at 3475 MHz and 3500 MHz, each with a bandwidth of 7 MHz. The MB-OFDM system operates over UWB channel CM1. We also consider a higher code rate of 3/4, which provides less error protection to the transmitted MB-OFDM data. We can see that in this case, the Burg spectral estimator with = 8 does not perform well in the intermediate SIR range, due to the inability of the = 8 tap AR model to accurately represent the interference spectrum. On the other hand, both the MTM and Burg with = 16 perform well for all values of SIR. This result indicates that some consideration of the potential interference environment must be made in the design of interference mitigation techniques for MB-OFDM systems. In general, if larger values of can be tolerated, the MTM estimator may be preferable, while for smaller a Burg estimator with properly selected offers reasonable performance.
VII. CONCLUSIONS Coexistence and the ability to appropriately handle interference from incumbent narrowband systems are important aspects of the design of UWB devices. The particular example of WiMAX in the 3.5 GHz band is of practical interest due to the potential for large-scale WiMAX deployment in the near future.
In this paper, we have presented both exact (using Laplace transform techniques) and approximate analysis of the BER of MB-OFDM in the presence of WiMAX interference. The two analysis methods are in excellent agreement, and furthermore are corroborated by simulation results. We have also shown via BER comparisons that the WiMAX interference has an approximately Gaussian behaviour on a per-subcarrier basis.
Motivated by the approximately Gaussian nature of the interference, we have presented a two-stage interference mitigation technique, consisting of interference spectral estimation followed by interference mitigation during Viterbi decoding.
We have compared parametric and non-parametric approaches for several interference scenarios of practical interest. In the presence of WiMAX interference, the two-stage interference mitigation provides substantial gains in performance in return for modest increases in receiver complexity and without requiring any modifications to the MB-OFDM transmitter or signal structure. However, our results show that the expected interference environment should be carefully considered during the design of such mitigation techniques.
